Abstract Along with its natriuretic, diuretic, and vasodilatory properties, atrial natriuretic peptide (ANP), and its guanylyl cyclase/natriuretic peptide receptor-A (GC-A/ NPRA) exhibit an inhibitory effect on cell growth and proliferation. However, the signaling pathways mediating this inhibition are not well understood. The objective of this study was to determine the effect of ANP-NPRA system on mitogen-activated protein kinases (MAPKs) and the downstream proliferative transcription factors involving activating protein-1 (AP-1) and cAMP-response element binding protein (CREB) in agonist-stimulated mouse mesangial cells (MMCs). We found that ANP inhibited vascular endothelial growth factor (VEGF)-stimulated phosphorylation of MAPKs (Erk1, Erk2, JNK, and p38), to a greater extent in NPRA-transfected cells (50-60 %) relative to vector-transfected cells (25-30 %). The analyses of the phosphorylated transcription factors revealed that ANP inhibited VEGF-stimulated activation of CREB, and the AP-1 subunits (c-jun and c-fos). Gel shift assays demonstrated that ANP inhibited VEGF-stimulated AP-1 and CREB DNA-binding ability by 67 and 62 %, respectively. The addition of the protein kinase G (PKG) inhibitor, KT-5823, restored the VEGF-stimulated activation of MAPKs, AP-1, and CREB, demonstrating the integral role of cGMP/ PKG signaling in NPRA-mediated effects. Our results delineate the underlying mechanisms through which ANP-NPRA system exerts an inhibitory effect on MAPKs and down-stream effector molecules, AP-1, and CREB, critical for cell growth and proliferation.
Introduction
Cardiac hormone atrial natriuretic peptide (ANP) exerts profound effects on cardiovascular system by regulating sodium excretion, water balance, and vasodilation [1] [2] [3] [4] [5] .
In addition, ANP has been proven to potently inhibit cell growth and proliferation under both physiological and pathophysiological conditions, such as cardiac hypertrophy and the metastasis of cancer cells [5] [6] [7] . ANP belongs to the natriuretic peptide family comprised of three peptide hormones: ANP, brain natriuretic peptide (BNP), and C-type natriuretic peptide (CNP) and all three hormones are encoded by separate gene [8] . These peptide hormones exert their biological effects by binding to members of the natriuretic peptide receptor (NPR) family. Three subtypes of natriuretic peptide receptors have been identified; two contain intrinsic guanylyl cyclase activity and are known as guanylyl cyclase/natriuretic peptide receptor-A (GC-A/NPRA) and guanylyl cyclase/ natriuretic peptide receptor-B (GC-B/NPRB) [5, 6, 9] . A third-receptor subtype, which contains a truncated cytoplasmic domain and lacks guanylyl cyclase activity, has been termed as natriuretic peptide clearance receptor (NPRC). Both ANP and BNP stimulate NPRA whereas CNP activates NPRB, and all three natriuretic peptides bind to NPRC. NPRA is considered the principal receptor for ANP since the major physiological responses to ANP in the cardiovascular system are mimicked by cGMP and its cell permeable analogs [5, 10, 11] .
Upon binding of ANP to NPRA and dimerization of the receptor, a conformational change activates the guanylyl cyclase domain of the receptor [12, 13] , and the resulting elevation of intracellular cGMP levels activates cGMP-dependent protein kinase (PKG). The ANP-NPRA-cGMP cascade is believed to produce cellular and physiological responses by interacting with PKG, cGMPgated ion channels, and cGMP-regulated cyclic nucleotide phosphodiesterases [14] . However, the signaling molecules downstream of PKG that are responsible for inhibition of cell proliferation have not been fully identified. Stimulation of cell proliferation involves a complex cascade of intracellular signaling processes, a central component of which is the activation of mitogen-activated protein kinases (MAPKs). These serine/threonine kinases play a critical role in regulation of biological response mechanisms through phosphorylation of various targets, including mitochondrial proteins, cytoplasmic proteins, and transcription factors [15, 16] . In this study, we investigated the signaling pathways through which ANP inhibits cell proliferation in cultured mouse mesangial cells (MMCs). The findings reveal that ANP/NPRA system negatively regulates vascular endothelial growth factor (VEGF)-induced MAPKs and the downstream proliferative transcription factors AP-1 (activating protein-1) and CREB (cAMP-response element-binding protein) and that this effect requires cGMP-dependent protein kinase.
Materials and methods

Materials
The pCRE-Luc, pAP1-Luc, and pRL-TK vectors were purchased from Stratagene (La Jolla, CA). VEGF was obtained from Millipore (Bellerica, MA). Oligonucleotides for electrophoretic mobility shift assay (EMSA) were purchased from MWG Biotech (Huntsville, AL). Cell culture media, fetal calf serum, ITS (insulin, transferring, and sodium selenite), and Lipofectamine-2000 were obtained from Invitrogen (Carlsbad, CA). 4-,2-hydroxyethyl-1-piperazineethanesulfonic acid (HEPES), MAPKs inhibitors (U0126, SP600125, and SB203580), PKG inhibitor KT-5823, and VEGF receptor inhibitor were purchased from Calbiochem (San Diego, CA). The Light Shift Chemiluminescent EMSA kit was purchased from Pierce (Rockford, IL). Aprotinin, leupeptin, phenylmethylsulfonyl fluoride (PMSF), and b-actin were purchased from Sigma Chemical Co. (St. Louis, MO); all other antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). All other reagents utilized were molecular biology reagent grade.
Cell culture, electroporation, and hormone treatment Studies were performed using MMCs isolated from mouse glomeruli and cultured in Dubecco's modified Eagle's medium (DMEM) containing ITS and 10 % fetal bovine serum as previously described [17] . Cells were used between the fourth and fourteenth passages and cultures were maintained at 37°C in an atmosphere of 5 % CO 2 / 95 % O 2 . For NPRA-overexpression experiments, MMCs were transiently transfected with recombinant NPRA cDNA [13] using electroporation at 220 mV with a capacitance setting of 960 lF. Cells were then synchronized by serum starvation by incubating in serum-free medium containing 0.1 % bovine serum albumin (BSA) for 24 h. For hormonal treatment, cells were pretreated with 0.2 mM 3-isobutyl-1-methyl xanthin (IBMX), followed by treatment with VEGF in the presence or the absence of ANP. The reproducibility of transfection efficiency were examined using the beta-x-galactosidase (b-x-gal) staining kit (Stratagene, LA Jolla, CA). In the present experiments using electroporation, approximately 70-75 % transiently transfected cells were able to harbor recombinant NPRA cDNA molecules.
Cell proliferation assays
Native MMCs and MMCs overexpressing NPRA were treated with VEGF for 24 h in the presence or the absence of ANP. Cell proliferation in response to hormonal treatment was measured by cell counting. Hormone-treated and control cells were washed, trypsinized, and counted using a hemocytometer.
Western blot analysis
For whole cell extract preparation, hormone-treated and control cells were washed and extracts prepared according to previously established methods [18, 19] . Cells were lysed in lysis buffer containing protease and phosphatase inhibitors. The extract was homogenized and the clear cell lysate collected and stored at -70°C until use. The protein concentration of the lysate was determined using Bradford protein assay reagent from Bio-Rad (Hercules, CA). For electrophoresis, whole cell lysate (50 lg protein) was mixed with sample loading buffer, boiled, and resolved by 10 % sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were electrophoretically transferred onto a polyvinylidene fluoride (PVDF) membrane, which was then blocked with 5 % fat-free milk solution in 19 tris-buffered saline-Tween 20 (TBST) for 2 h at room temperature. The membrane was incubated with primary antibody overnight at 4°C in blocking solution and treated with the secondary horse radish peroxidase (HRP)-conjugated antibody for 2 h at room temperature. Protein bands were visualized using enhanced chemiluminescence (CECL) plus detection system from Alpha-Innotech and the density of the protein bands were determined using the Alpha Innotech Imaging System (San Leandro, CA).
Cell transfection and luciferase assay
Cells were seeded in 24-well plates and grown to 70-80 % confluence in complete medium. Cells were transiently transfected with 1 lg of response element-luciferase construct plasmids and cotransfected with 300 ng of pRL-TK expression construct (as an internal transfection efficiency control) using Lipofectamine reagent from Invitrogen (Carlsbad, CA) and maintained in serum-free medium with 0.1 % BSA for 24 h. Transfected cells were then treated with stimulating growth factors and ANP. Cells were rinsed with phosphate-buffered saline (PBS) three times and harvested in passive lysis buffer provided with the Dual-Luciferase Reporter Assay Kit from Promega (Madison, WI). The lysate was cleared by centrifugation at 10,000 rpm for 3 min at 4°C. The cleared supernatant was used for luciferase activity assay using a Floustar Optima Microplate reader (BMG Labtech, Durham, NC). Results were normalized for transfection efficiency as relative to light units per Renilla luciferase activity.
Nuclear extract preparation
Hormonal treatment was carried out in synchronized MMCs in serum-free medium containing 0.1 % BSA. Cells were then rinsed twice with PBS, scraped, and nuclear extracts prepared by previously established methods [20] . Harvested cells were centrifuged at 2,100 rpm for 10 min at 4°C, and the cell pellet washed with PBS and resuspended in five volumes of buffer A (10 mM HEPES, pH 7.9, 10 mM KCl, 1.5 mM MgCl2, 0.5 mM dithiothreitol (DTT), 10 lg/ml aprotinin, 10 lg/ml leupeptin, 0.5 mM PMSF). After 10 min incubation on ice, extracts were centrifuged as above and resuspended in three volumes of buffer A with 0.05 % Nonidet P-40. The extracts were then homogenized by 20 strokes of a Dounce homogenizer and centrifuged at 2100 rpm for 10 min at 4°C. The supernatant was removed and stored as the cytoplasmic extract, whereas the pellet (nuclear extract) was resuspended in 100 ll of buffer C (5 mM HEPES, pH 7.9, 26 % glycerol, 300 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 0.5 mM PMSF, 10 lg/ml aprotinin, 10 lg/ml leupeptin). The resuspension was incubated on ice for 30 min and then centrifuged at 14,000 rpm for 20 min at 4°C. Protein concentration was determined and the extracts were stored at -70°C.
Electrophoretic mobility shift and antibody supershift assays
Protein-DNA complexes were detected using 5 0 biotin endlabeled double-stranded DNA probes prepared by annealing complementary oligonucleotides matching transcription elements. The forward sequences for the AP-1-and CREBbinding oligonucleotides were 5 0 -cgcttgatgactcagccggaa-3 0 and 5 0 -agagattgcctgacgtcagagagctag-3 0 , respectively (binding sites underlined). The forward sequences for the mutant AP-1-and CREB-binding oligonucleotides were 5 0 -cgcttgatgacttggccggaa-3 0 and 5 0 -agagattgcctgtggtcagagagctag-3 0 , respectively (mutant nucleotides underlined). The binding reaction was performed using Light Shift Chemiluminescent EMSA kit. Nuclear extract (2 lg protein) and binding buffer were incubated for 5 min on ice. After addition of biotinlabeled probe, the reaction mixture was incubated for an additional 25 min at room temperature. For supershift experiments, the extracts were pre-incubated for 60 min on ice with c-jun, c-fos, or CREB-1 antibody. The protein-DNA complex was resolved on non-denaturing polyacrylamide gel and observed according to the manufacture's protocol, as previously described [21] .
Statistical analysis
The results are presented as mean ± standard error of the average responses in multiple experiments performed with different cell preparations. Results were normalized relative to untreated control. Statistical significance was assessed using ANOVA followed by Dunnett's multiple comparisons post hoc test. The probability value of p \ 0.05 was considered significant. 
Results
ANP treatment inhibits mesangial cell proliferation
The results presented in Fig. 1 show that VEGF treatment stimulated MMC proliferation in both vector-transfected and NPRA-transfected cells by 3.5-fold relative to untreated cells. ANP treatment inhibited the proliferation of unstimulated and VEGF-stimulated vector-transfected cells by 13 and 28 %, respectively, while this inhibition was significantly more pronounced in NPRA-transfected cells (20 % inhibition in unstimulated and 42 % in VEGFstimulated cells). Interestingly, the activation of proliferation by VEGF was similar in both cell culture models.
Overexpression of NPRA markedly inhibits VEGF-stimulated MAPKs phosphorylation
Since MAPKs are essential mediators of cell proliferation, we assessed the effect of ANP/NPRA system on VEGFstimulated MAPKs (Erk1, Erk2, p38, and JNK) using Western blot analysis. ANP caused a dose-dependent inhibition of VEGF-stimulated Erk1 and Erk2 phosphorylation (Fig. 2a, b) . This effect was more pronounced in NPRA-transfected MMCs than in vector-transfected MMCs, with maximal inhibition of 65 %. Similarly, VEGF treatment stimulated p38 and JNK phosphorylation by *3-to 4-fold in both vector-and NPRA-transfected cells (Fig. 3a-d) . ANP co-treatment inhibited VEGF-stimulated (Fig. 3a, c, lane 4) and by 55-60 % in NPRA-transfected cells (Fig. 3b, d, lane 4) . ANP treatment inhibited MAPK phosphorylation in unstimulated cells (by 20 % in vector-transfected MMCs and 30 % in NPRAtransfected MMCs), though to a lesser extent than in VEGF-stimulated cells. To determine the role that cGMP and PKG play in mediating the inhibition of MAPKs by ANP, we pretreated the cells with the PKG inhibitor KT-5823 ( Fig. 4a-d) . In MMCs, treated with both ANP and VEGF, the PKG inhibitor KT-5823 restored MAPKs activation to levels in cells treated with VEGF alone (Fig. 4a,  b, lanes 2 vs. 4) , an effect that was observed to a lesser extent in vector-transfected (Fig. 4a, c) and more pronounced in NPRA-transfected (Fig. 4b, d ) cells.
Expression of NPRA inhibits MAPK-dependent activation of AP-1 and CREB
MAPKs are known to phosphorylate and activate a number of cellular targets to stimulate proliferation, including transcription factors, AP-1 and CREB. To determine which downstream transcriptional molecules are involved in the inhibitory effects of ANP on cell proliferation, we measured the effect of ANP treatment on the phosphorylation, DNA-binding ability, and activity of two major proliferative transcription factors, AP-1 (comprised of c-jun and c-fos) and CREB. Western blot detection of phosphorylated c-jun and c-fos showed that VEGF treatment stimulated phosphorylation of c-jun by approximately 4-to 4.5-fold (Fig. 5a, b) and that of c-fos by approximately fourfold (Fig. 5c, d ) in both vector-and NPRA-transfected MMCs, respectively. Similarly, VEGF also stimulated the phosphorylation of CREB by more than fivefold in both vector-and NPRA-transfected cells (Fig. 6a, b) . In the absence of VEGF, ANP treatment alone inhibited phosphorylation by 15-20 % in vector-transfected cells and by 25-30 % in NPRA-transfected cells. However, ANP treatment in conjunction with VEGF treatment, inhibited phosphorylation by 25-30 % in vector-transfected cells and almost 60-65 % in NPRA-transfected cells, relative to VEGF-stimulated cells (Figs. 5a-d, 6a, b) . ANP/NPRA system inhibits AP-1-and CREBdependent luciferase expression
In addition to phosphorylation, we assessed transcription factor activation using luciferase constructs driven by repeats of AP-1 or CRE cis elements. VEGF treatment activated AP-1-driven luciferase expression by eightfold in Fig. 4 Role of PKG in inhibition of MAPK phosphorylation by ANP: phosphorylated MAPK levels were measured in vectortransfected (a, c) and NPRAtransfected (b, d) MMCs treated with 20 ng/ml VEGF, 100 nM ANP, and/or 10 lM KT-5823. VEGF receptor inhibitor (10 lM) was used as a control. Quantitative results were derived from multiple (n C 3) experiments. Beta-actin was used as an internal control. Blots are the representative of three experiments and bars represent the mean ± SE both vector-and NPRA-transfected MMCs (Fig. 7a, b,  lanes 1 vs. 3 ). This stimulation was inhibited upon cotreatment with ANP, by 30 % in vector-transfected cells and 67 % in NPRA-transfected cells (lanes 3 vs. 4). VEGF and ANP treatment had similar effects on CREB-dependent luciferase expression (Fig. 7c, d ). VEGF treatment stimulated luciferase expression by sevenfold (lanes 1 vs. The effects of VEGF and ANP on the DNA-binding ability of AP-1 and CREB were determined using EMSA (Fig. 8a-d) . The specificity of binding was confirmed using a mutant binding sequence (lane 4), unlabeled competitor (lane 5), and antibody supershift assay (lanes 6, 7). VEGF treatment resulted in enhanced DNA-binding of AP1 (Fig. 8a, b, lanes 1 vs. 2) , an effect which was inhibited by . 3 ). The use of mutant probe and competitor oligonucleotides confirmed that the binding was specific, and the identity of the DNA-binding proteins was confirmed as c-fos and c-jun using supershift (Fig. 8a, b) . Similarly, VEGF enhanced the DNA-binding ability of CREB, and ANP treatment inhibited it to a great extent (Fig. 8c, d) .
We determined the role of specific MAPKs in the activation of AP-1 and CREB using the luciferase-reporter construct to quantify transcriptional activation in response to pretreatment with three MAPKs inhibitors (Fig. 9) . Treatment with the Erk1/2 inhibitor U0126 (10 lM) resulted in a significant inhibition of VEGF-stimulated AP-1 and CREB transcriptional activity (lane 4). Similarly, treatment with the JNK inhibitor SP600125 (10 lM), caused inhibition of transcriptional activity of both AP-1 and CREB (lane 5). However, treatment with the p38 inhibitor SB203580 (10 lM) had no significant effect on the activity of either transcription factor (lane 6).
Discussion
The results presented herein demonstrate that VEGF stimulates proliferation of MMCs by 3.5-fold, an effect that is significantly inhibited by ANP at dosages as low as 1 nM, proving the strong potential of ANP as an anti-mitogenic hormone. VEGF is a potent mitogenic and angiogenic growth factor, playing significant roles in both development and pathology, such as cancer, diabetic retinopathy, cardiovascular events, and rheumatoid arthritis [22] [23] [24] . As such, VEGF-stimulated cells are an excellent model to study the ability of ANP to inhibit agonist-stimulated cell proliferation, a condition common in pathophysiological states. VEGF, like numerous growth factors, is known to activate MAPK signaling pathways in various cell types, initiating cascades that lead to cell growth and proliferation, including stimulation of proto-oncogenes and early genes [22, [25] [26] [27] [28] . Our experiments uncovered that VEGF treatment increased phosphorylation of the four major MAPKs tested: Erk1, Erk2, p38, and JNK. This activation was inhibited significantly (p \ 0.001) upon ANP treatment. This suggests one mechanism through which ANP inhibits cell proliferationthe inhibition of MAPKs as well as identifying a stage at which cross-talk between the ANP and VEGF signaling cascades can occur. In addition, the JNK and p38 have been suggested to elicite functions beyond that of activating proliferation, such as mediating responses to cell stresses and the extracellular environment [15, 16] . The fact that ANP inhibits these MAPKs, which provide possible mechanisms through which ANP may stimulate anti-inflammatory signals [7, 9, 29, 30] .
Vascular and renal cells contain two sub-types of ANP receptors, NPRA and NPRC; however, the involvement of specific natriuretic peptide receptor in the mechanisms for antigrowth responses have not been fully resolved. The disruption of the Npr1 gene (coding for NPRA) in mice causes blood pressure elevation and exacerbation of renal and cardiac hypertrophy and fibrosis, thus NPRA has been suggested as the principal physiological receptor of ANP for antigrowth and proliferation effects in target cells [5, 21, 31] . It has also been suggested that NPRC may play a role in the inhibition of cell growth caused by ANP [32] . Indeed, MMCs express both NPRA and NPRC; however, the relative contributions of NPRA and NPRC in mediating ANP's inhibitory effects on cell growth and proliferation are still not well understood [33] [34] [35] [36] [37] . The present strategies provided a model of NPRA overexpression in MMCs and allowed us to identify the effects of ANP-NPRA on cell growth and MAPKs (Erk 1/2, p38, JNK) that were negatively mediated by NPRA/cGMP signaling. ANP has been shown to bind both NPRA and NPRC, however, cANP selectively activates NPRC without elevation of the intracellular accumulation of cGMP [33, 38] . Interestingly, cANP has also been reported to exert only a small antiproliferative effect, implicating that additional cGMPindependent mechanism may contribute to the antiproliferative effect of these natriuretic peptides [39] . Those previous studies, also examined the antiproliferative action of ANP involving zaprinast, and suggested that ANP exerts antifroliferative action partly by cGMP since zaprinast alone did not cause any proliferation. Recent studies have shown that in chronic cardiac hypertrophy, ANP levels are greatly increased and NPRA-cGMP effects to ANP drastically diminished resulting a unique cGMPindependent elevation of pathological Ca 2? levels [40] . Those previous findings also suggested that NPRA forms a complex with cation channels exerting a cGMP-independent signaling pathway. However, more studies are needed Fig. 7 Effect of ANP treatment on VEGF-stimulated AP-1 and CREB transcriptional activity: transcriptional activation of AP-1 (a, b) and CREB (c, d) in response to ANP treatment was measured using AP-1-and CREB-driven luciferase constructs and dualluciferase assay. *p \ 0.05, **p \ 0.01, ***p \ 0.001, relative to control. Bars represent the mean ± SE of four-independent experiments to support the cGMP-independent signaling pathway of ANP action in a tissue-and cell-specific manner.
While the studies from our laboratory and by others have suggested that ANP inhibits MAPKs (Erk 1/Erk 2 and p38) in various cell types [17, 19, 41, 42] , specific downstream targets of MAPKs mediated by the ANP-NPRA pathway have not yet been clearly identified. MAPKs are known to activate a number of proliferative transcription factors, including CREB and AP-1; composed of c-jun and c-fos in response to various growth factors and vasoconstrictors [43] [44] [45] [46] . We hypothesized that the inhibition of MAPKs and downstream transcription factors are the major effector molecules through which the ANP-NPRA system inhibits cell growth and proliferation. We determined the effects of ANP on two important downstream transcription factors, which are activated by MAPKs and that regulate transcription of proliferative genes, AP-1 (c-fos and c-jun), and CREB. Our results demonstrate that the phosphorylation, DNA-binding capability, and activity of these transcription factors were all enhanced by VEGF. On the other hand, ANP treatment significantly inhibited the activation of AP-1 and CREB, indicating that inhibition of cell proliferation by ANP-NPRA-cGMP can be mediated through the diminished responses of these transcription factors.
To further clarify the pathways responsible for the activation and inhibition of cell growth and proliferation in our MMC system; we assessed the distinct contributions of Erk1/2, JNK, and p38 to the activation of AP-1 and CREB using specific MAPKs inhibitors. Interestingly, we found that while inhibition of Erk1/2 and JNK caused repression of AP-1 and CREB activity, p38 inhibition had no significant effect on the activity of either transcription factor. ) and CREB (c, d) in response to ANP treatment was assessed using a biotin-labeled electrophoretic mobility shift assay. Specificity of DNAprotein complex formation was confirmed using a mutant binding sequence (mut), unlabeled competitor (comp), and antibody supershift (Ab). P free probe, J c-jun antibody, F c-fos antibody, C CREB-1 antibody. Autoradiogram is the representative of threeindependent experiments and bars represent mean ± SE These results suggest that Erk1/2 and JNK, but not p38, are involved in activating AP-1 and CREB in MMCs. Although the downstream targets of p38 have not been previously investigated in the MMC system, nevertheless studies in the lymphoma cells suggest that p38 can activate CREB [47, 48] . Nevertheless, in these systems, CREB activation occurs through the p38 phosphorylation of intermediary protein kinases such as MAPKAP (mitogenactivated protein kinase-activated protein) and MSK (mitogen-and stress-activated protein kinase) [49] .
Overall, the results of all factors studied including; cell proliferation, MAPKs (Erk1/2, p38, JNK), AP-1, and CREB clearly show that while ANP inhibited these signaling cascades in both MMC models, the effects were dramatically greater in NPRA-transfected cells relative to vector-transfected cells. Furthermore, since PKG mediates the effects of NPRA-activated signals, we used the PKG inhibitor KT-5823 to determine whether the inhibitory effects of ANP-NPRA were dependent on PKG. It was observed that KT-5823 restored MAPKs, AP-1, and CREB activation to VEGF-stimulated levels, thus indicating that PKG is essential for ANP-NPRA's inhibition of cell growth and proliferation. Together, the present results demonstrate the role of NPRA as the mediator of growthinhibitory signaling cascade involving MAPKs and downstream effector molecules AP-1 and CREB.
In conclusions, this study demonstrates that ANP-NPRA signaling negatively regulates VEGF-stimulated cell proliferation, MAPKs phosphorylation, and AP-1 and CREB phosphorylation, their DNA-binding ability, and transcriptional activation in a cGMP-PKG-dependent manner. These findings help to advance our understanding of the molecular mechanisms through which ANP-NPRA system inhibits MAPKs cascade and cell proliferation. Fig. 9 Role of specific inhibitors of MAPKs in activation of AP-1 and CREB in MMCs: transcriptional activation of AP-1 (a) and CREB (b) in response to VEGF after pretreatment of cells with the inhibitors of Erk1/2 (U0128), JNK (SP600125), and p38 (SB203580) was measured using AP-1-and CREB-driven luciferase constructs and dualluciferase assay. Bars represent the mean ± SE of fourindependent experiments. ***p \ 0.001, relative to VEGF-treated cells
